Linear measurements have been used as indicators of weight in cattle. Withers height has been used most commonly, but measurements of White Park cattle show that it is of limited value. This paper explores alternative measurements and indices, not only to provide a superior guide to weight, but also as indicators of type and function of beef cattle. A complex index is recommended for breed characterisation, while hip width or rump length are shown to be the preferred single measurements for evaluation of individual animals or within-herd groups.
Introduction
Morphological descriptions of beef cattle have been used either to indicate breed origins and relationships through the medium of head measurements (Jewell 1963) , or to indicate size and weight through measurement of height at withers. EAAP and FAO used withers height as a prime indicator of type (Simon and Buchenauer 1993) . More recently rump height has been preferred to withers height, especially for describing cattle in beef show classes. In addition, girth circumference has been used as a basis for the calculation of weight. Since 1994, a group within the International Committee for Animal Recording has been established to study conformation recording, but its work has been directed mainly at dairy cattle (Stoll et al., 1996) .
Height, at either withers or rump, has limited value as an indicator of weight, and it was evaluated as a preliminary exercise in this study. Similarly, the accuracy of girth as an indicator of weight is low, and Schwabe used a more complex formula involving girth, height and body length measurements (Schwabe and Hall 1989) . The limited value of both height and girth as single measurements, and the lack of a tested empirical alternative, has restricted the ability of breeders to assess type in beef cattle and their value as potential breeding stock, and has limited the opportunity to provide potential purchasers with a reliable evaluation of animals. This paper is concerned with measurements associated with production characteristics. The development of a new system has been explored to enable earlier assessment of breeding animals and, by
The development of a system of linear measurements to provide an assessment of type and function of beef cattle 
Method
Eight separate measurements were used for females, and nine for males. The common measurements were:
Height at withers, height at rump (tuber coxae), body length (withers to pins), length from withers to hips (tuber coxae), rump length from hips (tuber coxae) to pins (tuber ischii), width of hips (tuber coxae), width of pins (tuber ischii), width of chest (widest point of shoulders) and depth of chest (thorax) immediately behind forelegs.
The extra measurement for bulls was scrotal circumference.
The equipment was a measuring stick (as used for horses) to measure withers height, rump height, body length and length from withers to hip; a measuring stick modified with sliding caliper to measure hip width, pin width, chest width, chest depth and rump length; and an adapted metal tape to measure scrotal circumference.
The measurements were taken by the same fieldsman using a standard form; a separate form was prepared for each animal. The measurements from the standard form were transferred to a master sheet which calculated the appropriate indices for each animal and the mean, SD and coefficent of variation for the group of animals included in the study. Two measurements were not used in subsequent analyses. Length from withers to hip was intended initially as a check on body length and rump length measurements, but it proved unreliable. Width of pins was measured on the points of the bone rather than the outer dimension, and again this proved unreliable.
The calculated indices were: weight, height slope, length index (2 indices), rump length index, balance, width slope, depth index, foreleg length and cumulative index (3 indices). In all cases the results for individual animals were indexed against the average for the group. The calculations are reported in table 1.
The system was tested on White Park cattle in the United Kingdom in 1994-5, and was repeated in 1997. Both sexes were included, comprising 315 cow records and 29 bull records. Some animals were included in both phases of the study. The ages of the females ranged from 15 months to 201 Evaluation of measurement of height at withers and rump was undertaken as a preliminary analysis. The measurements were easy to apply and showed high repeatability. Height at withers was correlated most closely with length of foreleg (0.760), but both height at withers and rump had a lower correlation with weight and cumulative(3) index than any of the other linear measurements. Height was an unreliable guide to weight, and lacked value as an indicator of type or functionality, except possibly at extremes of the frequency distribution curve. It was determined that the identification and assessment of alternative indicators was necessary.
The results indicate that White Park cows reach their maximum weight at approximately nine years of age, but that they reach 98-99% of maximum size (linear measurements) by five years of age. The results for mature cows were calculated from data relating to animals of 60 months of age or more. The measurements (Table 2 ) and indices (Table 3) show the averages for the breed and indicate the typical structure of White Park cattle.
Each measurement developed at a different rate at different ages (Table 4) . Rump height developed most rapidly, reaching 93-94% of full size by 24 months of age. Chest depth developed more slowly, reaching 97.8% of full size by 60 months of age. Most other measures progressed at a similar rate (86-90% at 24 months, 92.5-94.5% by 36 months, circa 96% by 42 months, and 99% by 60 months). The development of hip width was unusual. It developed most slowly to 24 months of age, but reached 99.4% by 60 months of age. Leg length (calculated by deducting chest depth from withers height) reached full size by 12 months of age. Chest width was the most variable measurement Alderson (coefficient of variation of 11.57%) and this reflected the sensitive response of chest width to changes in the fitness (condition) of an animal. Other measurements had a coefficient of variation between 3.88% and 6.44%. The linear measurements were used to calculate indices, which show the structure and proportions of each animal. The indices for all females in the study (Table 3) show the highest coefficient of variation for balance, rump length index, and foreleg length, and the lowest for both length indices, depth index and cumulative(3) index. Weight was markedly variable (coefficient of variation 15.52%) and this again reflected the variety of environmental effects and the condition of each animal. Indices remained relatively constant at each stage of development from 12 months of age (younger animals were not included in the study). A detailed comparison of indices (Table 5) in 42 month and 60 month animals, compared with fully mature animals, showed that only length(2) index and depth index varied with age, and this resulted from the slower development of chest depth (Table 3 ). All other indices were within 1.7% of the expected norm at 60 months of age and within 4.1% at 42 months of age.
Both linear measurements and indices for different age groups (Tables 4 and 5) were calculated by two methods. The first (a.) was derived from a best curve based on data of the total study sample; the second (b.) was calculated from averages for each age group (42 month -40-44 months; 60 month -58-62 months). The results for indices were tested against coefficient of regression data. In all cases the slope of the regression line was negligible (<0.06% per month of age). The steepest slope was for depth index, followed by length(2) index. Cumulative(3) index and balance showed no regression.
The coefficient of correlation was calculated between each linear measurement and weight and cumulative(3) index (Table 6) .
The results were also produced on histogram profile charts, either for individual animals or for an animal in conjunction with its sire and dam, incorporating linear measurements and weight and cumulative(3) index.
Discussion
The linear measurements and, more particularly, the indices, established norms for breed type and conformation. They showed that White Park cows are short-legged animals with a good girth; long-bodied with good rump length; and are active, grazing beef animals. They have the proportions of beef animals (Table 7) , although not typical of either the traditional British beef animal such as the Beef Shorthorn or Aberdeen Angus, or continental breeds such as the Charolais or Limousin. They are efficient grazing animals, adapted to rough grazing, and the non-breeding animals produce high quality beef, with excellent flavour, low fat and good marbling (Alderson 1997) .
It was not possible to demonstrate the degree of variation within breed due to genetic effects. Blott (1997) indicated a relatively high level of homozygosity in the breed, but Royle (1983) showed relatively high heterozygosity, and anecdotal opinion suggests different types in the breed. For example, breeders claim that the Dynevor type based on Dynevor Raven is long-bodied and scopy, while the Chartley type based on Dynevor Samson is more compact, and the linear assessment results do confirm some differences. There were specific differences -for example mature Dynevor type cows stand as high or higher at the rump than at the withers, whereas mature Chartley type cows are the opposite (Table 8) -but other indices, such as depth, width slope and balance, which seem to indicate variation, probably are more a reflection of environmental effects and the more fertile grazing available to the Chartley herd. Indices for length did not show significant variation. An undefined proportion of the variation for each measurement or index was due to human error or to environmental effects of management systems.
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Cumulative (3) index is the preferred measure of the overall value of an animal, although it does not distinguish between different types of conformation. It has a neutral correlation with age, and thus can be used as a measure in young animals to predict mature rating. It is a superior measure to weight because it incorporates measures of desirable conformation, namely length and balance. The results of coefficient of regression calculations reinforced the value of cumulative(3) index on young animals as an indicator of mature type and conformation. It is influenced to some degree by management, but to a much smaller degree than weight.
However, it is a complex index requiring five measurements on each animal. Simpler alternatives are provided by single measurements. Results for cows (Table 6) show that body length, rump length and hip width have the highest correlation with cumulative(3) index. Correlation with weight shows that hip width and chest depth are the best measures. Thus, hip width and/or rump length are the preferred measures. The results (Table 9) suggest that rump length and hip width in particular are more difficult to measure than withers height, but the differences are small (3% and 2.2% respectively). Both measurements are influenced by management of young cattle. Analyses of within-herd results confirm the superiority of these measures compared with height, but indicate that hip width is more reliable than rump length.
A limited study of bulls showed a different pattern of results. In a very small sample of mature bulls, body length was significantly the best indicator of cumulative(3) index, followed by rump length and scrotal circumference, while chest depth was the best indicator of weight. In the full sample of bulls, rump length and chest depth were the best indicators of cumulative(3) index, while all linear measures had a high correlation with weight. Results for linear measurements of young bulls, together with weight and cumulative(3) index, were presented in histogram profile charts, and these were used 
Limitations
Cumulative (3) index is the best measure of functional value of an animal, but it requires five linear measurements. It has value in detailed studies and analyses of breeds of cattle, but it is too complicated to operate on a routine herd basis. The measurements of hip width or rump length, ideally combined in a rump area index, offer simpler alternatives, and are superior to height as indicators of cumulative(3) index or weight. Consistency of measurements was influenced to some degree by human error. There seemed to be greater difficulty with some measurements; but all were within a 5% limit of variation. The employment of one operator was designed to minimise this problem.
Environmental influence also confused the genetic effect, especially in young animals. For example, sire referencing demonstrated that animals raised on Salisbury Plain varied significantly from their half-sibs on Oxfordshire pastures, and the effect was noted even on indices, particularly weight, length(2) index, balance and depth index (table 10) in these two herds. A wider study of five herds confirmed the environmental effect on weight, length(2) index and depth index, but not the effect on balance. All the linear measurements except withers height and rump height were susceptible to environmental effect. Different calculations are necessary for different breeds, and this is indicative of varying conformation between breeds. These differences were not tested fully, but 
Conclusions
Height at either withers or rump has limited value as an indicator of weight, and negligible value as an indicator of type and function. The value of weight is limited without some qualification of associated type and conformation. Cumulative(3) index is a useful indicator of overall morphological merit, as it combines values of weight and structure, and provides an accurate portrait of typical breed type. It is relatively constant throughout the life of an animal and can be used on young animals to predict mature merit. It is influenced by environmental effect (although significantly less so than weight), and it is complicated, requiring five linear measurements. Thus cumulative(3) index has potential application in breed studies to establish type and function, although its application by individual breeders is less attractive.
Single linear measurements are more relevant for on-farm within-herd use. Hip width or rump length, individually or The study demonstrated the value of linear assessment in general, and specific measurements in particular, with White Park females, and identified further potential areas of study to evaluate and refine the proposed system, namely:
1. repeat the study with a significant sample of bulls to assess the validity of indices for both sexes of White Park cattle 2. relate linear measurements to production characteristics other than weight (e.g. meat quality, KO%, maternal qualities, longevity) 3. study the effect of compensatory growth on linear assessment in animals reared under different systems of management 4. apply the system to other breeds to compare them with the White Park, and to test cumulative(3) index as an indicator of function in different breeds.
